Magnetic nanoparticles are now being investigated widely in field of water treatment. The aim of this study was to evaluate the feasibility of electrocoagulation process combined with addition of magnetite nanoparticles as a turbidity removal process. Bentonite was used as source of turbidity for the synthetic turbid water. Experiments were conducted in a bench scales electrocoagulation reactor where voltage was applied across a perforated plate of aluminum as anode, and iron mesh as cathode. Commercial grade of magnetite (Fe3O4) with an average nanoparticle size of 50 nm was used. The effect of some factors such as initial pH of the solution (5-9), current density (5-25 mA/cm2), and magnetite dosage (0.4-2.5 gm) on the efficiency of the process were studied. The residual turbidity obtained by using electrocoagulation process alone was (7.47 NTU) from initial turbidity of (200 NU) at constant conditions of pH 6, current density 15 mA/cm2 and electrolysis time 20 min. While under these same conditions the combined electrocoagulation + magnetite process with the added (1.4 gm) of magnetite and under the same operating conditions the residual turbidity was (4.34 NTU), which indicate that the magnetite nanoparticles enhanced the electrocoagulation process.
Introduction
Turbidity is one of the main problems in the water treatment field. Turbidity is produced through the existence of clay or/and different colloidal components in water such as organic particles, soluble substances, and algae. These colloids have stability which make them cannot be sedimented. Thus, agglomerate small particles to bigger flocs is needed so they can be removed by sedimentation [13] . Recently, electrocoagulation is having a noticeable role in the treatment of water since it offers several important benefits, for example easiness in operation, no addition of chemicals, quite compactness, and less sludge production [18] . Electrocoagulation process include the producing of aluminum or iron hydroxides flocs in the solution. In this process coagulant is formed in situ by the passage of current density through the sacrificial anode which leads to its dissolution [3] . Three steps occur during electrocoagulation a) electrolytic reaction at surface of the electrode, b) coagulants formation by electrolytic oxidation in aqueous phase and colloidal particles adsorption by the coagulants, and c) separation by sedimentation or flotation which is initiated by the evolution of H2 bubbles at the cathode. Therefore, it's important to choose the appropriate material for the anode. Iron or aluminum is usually used as sacrificial anode, since they are cheap, readily available [17] . When aluminum electrode is used in the EC process, the main reaction in the anode will be [15] : At the anode:
At the cathode:
The produced Al+3 from reaction (1) react with water and OH-to generate different monomeric constituents, based on the pH of solution, finally they convert to Al(OH)3 based on the kinetic of complex reactions. In the solution the total reaction will be as [15] :
Poly-hydroxides and hydroxides which have been formed, will stay as gelatinous suspensions in the solution, that they can cause destabilization of the emulsion by the neutralization of the colloidal charges [1] . However, because of the various composition of wastewater, conventional processes are insufficient and cannot be utilized separately in full scale. Scientists are trying to purpose combination between the methods of treatment to obtain high removal efficiencies of contaminants [5] . Combination of electrocoagulation with magnetite nanoparticles was used for the removal of arsenic from copper smelter wastewater [12] . These magnetic nanoparticles have high adsorption capacity and surface area, thus it may be utilized as a super adsorbent for pollutants separation from effluents and at the end they may be removed from solution by external magnetic field [8] . In this study magnetite nanoparticles (MNPs) are added to the electrocoagulation process to enhance the removal of turbidity from synthetic turbid wastewater.
The effect of three factors on turbidity removal will be investigated: initial pH of solution, current density, and magnetite dosage.
Experimental work

Turbid water preparation
The turbid sample was prepared by mixing (0.3 gm) sodium bentonite with distilled water containing 1720 ppm dissolved NaCl by using high speed mixer of 2000 rpm to give water a turbidity of (200 NTU). Sodium bentonite was supplied by Research and Development Oil Center, Iraq. Turbidity in samples was measured before and after treatment by using Lovibond TurbDirect model /serial number 12/1805 with measurement unit NTU (Nephlometric turbidity unit) within the range (0.00-1000) NTU.
Magnetite nanoparticle characteristics:
Commercial grade of magnetite nanoparticles with the characteristics listed in Table. 1 was employed as the magnetic sorbent particles for the experiments. These nanoparticles were analyzed with scanning electron microscopy (SEM) Fig. 1 . The micrograph of bare magnetite particles showed that magnetite is in the nanoscale and have spherical shape with a diameter 50 nm. The pH of zero-point charge (pHpzc) of magnetite nanoparticles were measures so as to understand the charge of the adsorbent surface. Zeta potential of magnetite solution at different pH values was measures in (Iraqi Ministry of Higher Education and Scientific Research) using NanoBrook ZetaPALS Potential Analyzer 
Experimental Set-up
As shown in Fig. 3 and Fig. 4 , experiments were conducted in a batch electrocoagulator consisted of a Perspex compartment with total volume 2.5 liters and dimensions 20 cm in length, 14 cm in width and 16 cm height. Perforated aluminum plate and iron mesh (150 mm in length, 45 mm in height and of 0.4 mm thickness) was used as anode and Cathode respectively. The active area of anode was 89.29 cm2 and the distance between electrodes was 3 cm as in [16] . 
Experimental procedure
The experiments were done by introducing 1500 mL wastewater samples to the batch reactor for each experiment. The influence of three factors on the removal efficiency of turbidity was examined at five different level as shown in Table. 2. The pH of the solution was changed by using of (0.1N) HCl and (0.1N) NaOH. To ensure good mixing, mechanical stirrer was used at 150 rpm [2, 7] . Magnetite nanoparticles were added at different dosage to the center of the vortex before connecting the DC power to the electrodes, and allowed to contact with the turbid water for adsorption to take place at 300 rpm and for 3 min [9] . After the end of each experiment, the treated water was allowed to settle for (10 min) [10] . Then samples were collected from fixed position between the cathode and anode about (3 cm) below the water surface to avoid collecting sediment floc from the bottom and floated floc from the top of the water. Removal efficiency of the oil was computed as follows:
Removal efficiency= (C。-Ce)/C。 *100 (5) Where C0 is the initial turbidity (NTU) and Ce is turbidity at any time. 
Results and Discussion
Effect of initial pH:
In order to study the effect of the pH on turbidity removal, experiments were performed by adjusting the initial pH to five different values of (5, 6, 7, 8, and 9) . Figure (5) shows a comparison for EC process alone and the combination of EC + magnetite. In both processes the minimum residual turbidity was obtained at neutral pH 6-7, the residual turbidity then started to increase as the pH increased. This is due that aluminum hydroxide Al(OH)3 is produced at pH (6-7) which is a precursor for the removal of turbidity by coagulation and its insoluble form of (Al+3). The increase in final turbidity at basic acidic medium, is because of the aluminum hydroxide Al(OH)3 amphoteric state that becomes more soluble as the surrounded medium becomes more acidic or alkaline [4] . As shown in Fig. 5 the EC process gave a final turbidity at pH= 6 of 7.47 NTU, while in the EC+ magnetite process, residual turbidity at the same conditions was 4.34 NTU which indicate the adsorption of pollutants by the magnetite nanoparticles. The uptake of magnetite nanoparticles for the turbidity decreased as pH increased. It appears in Fig. 2 that the pHPZC of magnetite nanoparticles was equal to 6 which means below the pHPZC the surface charge density of magnetite becomes positive due to the protonation of magnetite nanoparticles, which favor the adsorption of negative charged turbidity due to electrostatic attraction [11] . But as observed at pH values higher than pHPZC turbidity removal is still happening by the magnetite nanoparticle which can be explained by that: the positive, negative, and neutral functional groups may exist together on the surface of Fe3O4. When pH<pHPZC, the groups of FeOH2+ is more than the groups of FeO-, that mean even though there is positive charge on the surface of nanoparticles, the groups of FeO-still exist and vice versa [6] .
Effect of current density:
Five current densities (5, 10, 15, 20, 25 mA/cm2) were tested for the treatment of the turbid water. Results shown in Fig. 6 are expressed in form of the residual turbidity verses different values of current densities for both processes. The residual turbidity decreased as current density increased for both processes. This is because of the increase in the (Al+3) concentration and their hydroxide flocs that adsorb pollutants as current density increases according to Faraday's law, thus turbidity removal increased. Another effect of the high current density is the increase of rate of generation of the hydrogen bubbles and the decrease of their size that is beneficial for turbidity removal [14] . However, the residual turbidity achieved in EC process alone in (20 min) electrolysis time and (10 mA/cm2) was (8.59 NTU). While with the enhancing of the magnetite, the EC process obtained was (5.84 NTU) at the same condition. We can conclude from the comparison between EC and (EC + magnetite) processes in Fig. 6 that the adsorption of magnetite nanoparticles, decreased as the current density increased. This may be attributed to the increasing in the formation of (OH-) at the cathode as current density increase which causes the deprotonation of the Fe-OH sites existing on the surface (Fe-OH=Fe-O-+H+), and the formation of negative charge at the surface of nanoparticles and hence less adsorption [19] .
3.3
Effect of magnetite dosage: Figure (7) presents the effect of magnetite dosages (0.27, 0.6, 0.93, 1.26, and 1.6 g/L) on turbidity reduction. As the magnetite dosage increased, the final turbidity in the treated water reduced. In Fig. 6 it could be seen that the minimum residual turbidity was 2.33 NTU from initial turbidity of 200 NTU at magnetite dosage of (0.9 g) which means this is the optimum dosage. The increasing in magnetite dosage provides more surface area and thus more sites available for the adsorption of turbidity. But the increasing of the dosage behind the optimum level increase the probability of collision between the nanoparticles and thus particles aggregation is formed resulting in decreasing the total surface area and an increasing the diffusional path length, which both contribute to the decrease in the removal efficiency [20] . 
Conclusions
The present study attempted to investigate the applicability for the combination of electrocoagulation with magnetite nanoparticles in the removal of turbidity. The results showed that the EC process and magnetite adsorption both are affected by the initial pH of the solution. Optimum pH value was 6and further increasing for the initial pH results in increasing the residual turbidity. Current density was also an important factor that the removal of turbidity increased by increasing current density, but it also affected the adsorption of the magnetite nanoparticles. The amount of the magnetite played a significant role too and the optimum magnetite dosage was (0.9 gm) and further increasing led to increasing in the residual turbidity. Finally, the results proved that electrocoagulation process was enhanced successfully by the magnetite nanoparticles. 
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